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Abstract For the spine surgeon the problems of the
osteoporotic spine can be a painful simple compression
fracture, the persisting instability after a fracture, the
silent loss of posture due to progressive collapse of
multiple vertebrae, and neurological complications re-
lated to an osteoporotic fracture. The use of polymeth-
ylmethacrylate (PMMA) for the reinforcement of
osteoporotic vertebral bodies has turned out to be ex-
tremely eﬃcient. Although the natural course of pain
due to vertebral fractures decreases within the ﬁrst weeks
in the majority of patients, there remains a number of
them with persistent pain and/or ongoing vertebral
collapse. With percutaneous cement injection one can
achieve fast and lasting pain reduction in 80% to 93% of
patients. With multilevel injections it is possible to ad-
dress the severe osteoporotic spine as a whole where we
can halt the ongoing collapse and preserve posture eﬃ-
ciently. Rectiﬁcation of lordosis can be achieved in fresh
fractures with the kyphoplasty technique and, even more
eﬃciently, with the lordoplasty procedure. Kyphosis
correction ranges from 8.5 to 14, and restoration of
vertebral body (VB) height goes up to 90%. When sur-
gical stabilization is required, the combination of
PMMA reinforcement and ﬁxation with screws appears
the only alternative in order to anchor the implants in
the severely osteoporotic bone.
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Introduction
The spine is the most common site of osteoporotic frac-
tures [1]. In the USA approximately 700,000 new osteo-
porotic fractures are seen every year, of which one-third
become chronically painful [2, 3]. The incidence of oste-
oporotic vertebral body compression fractures (VBCFs)
in women older than 50 years is more than ten out 1,000
per year and is three-times higher after the age of 75 [3, 4,
5]. Approximately 25% of women older than 70 years
show at least one VBCF, and more than 50% of women
after the age of 80 [6, 7]. Osteoporotic compression frac-
tures are a leading cause of disability andmorbidity in the
elderly [4, 8, 9, 10, 11, 12]. Patients with VBCFs show
a higher mortality rate than the general population [13].
Medical treatment with calcium, vitamin D, bis-
phosphonates, raloxifene, hormone replacement, and
parathormone, are highly eﬀective in reducing the frac-
ture risk. However as many as one-third of patients
continue to experience pain. Approximately 15% of
individuals continue to sustain fractures, despite therapy.
Furthermore, there is a considerable number of non-
responders and non-compliant patients [4, 14, 15, 16].
Clinical problems related to osteoporotic fractures
For the spine surgeon, the problems related to fractures
of the osteoporotic spine can be classiﬁed as (a) acute
and subacute single-level fractures, (b) fractures with
persistent instability, (c) (multiple) fractures with pro-
gressive/creeping vertebral collapse and loss of sagittal
balance and posture, and (d) vertebral fractures with
subsequent spinal stenosis/neural compression (Fig. 1).
Acute/subacute simple compression fractures
Although the majority of simple VBCFs can be
treated non-operatively (rest; analgesics; external sup-
port) with self-limiting pain for a few days to weeks,
approximately one-sixth of suﬀerers become bedridden
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and need hospital admission [17]. Furthermore, there is a
certain percentage of patients that are going to encounter
a progressive collapse of the vertebral body (VB) within
an undetermined time period and ﬁnish with a pro-
nounced deformity of the spine.
The clinical appearance of patients with fresh VBCF
is rather uniform, with sharp localized mechanical back
pain in the initial phase. After a while, the breathtak-
ingly sharp pain is relieved, and there remains a local
pain that increases under load.
Therapeutic options. With this group of patients,
where the initial pain is so severe or the conservative
measures are not suﬃcient, percutaneous cement rein-
forcement appears to be the treatment of choice. Several
clinical studies document its usefulness [18, 19, 20, 21, 22,
23]. In fresh fractures the pain improvement is seen in
93% of patients [24]. However, in older lesions the
treatment can be eﬀective in as many as 80% of patients
[25, 26]. In our initial series pain improvement, from VAS
7.8 to 2.6, was seen in 87% of the patients [20] and re-
mains so for the over 500 patients that we have mean-
while treated. However, up until now there have been no
randomized controlled trials performed that compared
vertebroplasty with conservative treatment (Fig. 2).
Persisting instability/non-union
The natural history usually leads to a spontaneous
consolidation of the deformed VB, but, in some cases,
there remains an instability after a fracture, which can be
the cause of ongoing pain. This has been described as
Ku¨mmell’s disease and dynamic mobility (Fig. 3) [27,
28].
Clinical presentation. Patients with a non-union de-
scribe a characteristic symptomatology: when they are
lying supine they have little or no pain; however, as soon
as they get to the upright position they experience an
intense local pain that subsides once they are completely
upright. During their change of position, the unstable
vertebra is loaded and collapses until a new stable situ-
ation is reached. This collapse is the cause of this severe
pain during the change of position. This instability can
best be demonstrated by comparing a lateral view in the
standing position with a lateral X-ray in the supine po-
sition. Any movement in a fractured vertebra is deﬁned
as instability [27, 28].
Therapeutic options. In patients with a non-union the
reinforcement can provide stability and pain relief, and,
as much as positioning allows, a correction of the
deformity can also be achieved [27, 28] (Fig. 3).
Severe osteoporosis with multiple fractures
and progressive loss of posture
Another group of patients is that with very severe
osteoporosis, where a progressive loss of posture is
occurring due to recurrent fractures and ongoing loss of
vertebral height. This might occur within a short time
period or over years.
The clinical presentation of these patients diﬀers from
the ﬁrst group, as there is a more diﬀuse backache, and
strain over the whole back. Patients ﬁnd it diﬃcult to
stand erect for long periods and have to bend forward
because of the increased pain when they try to straighten
up. They frequently have a history of steroid intake and
Fig. 1a–d Spectrum of spine problems related to osteoporosis. a
Simple compression fracture with ongoing pain 2 months after
onset. b Non-union 6 months after fracture of T11. The persisting
instability causes pain during change of position. c Fractures of
multiple vertebrae are responsible for loss of posture and neck pain
in order to compensate for the deformed thoracic spine. d Fracture
of T7 with concomitant spinal canal encroachment and compres-
sion of the spinal cord
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are most often multi-morbid (after transplantation sur-
gery; renal and bowel diseases; long-lasting bed rest).
With careful history taking one can learn that there were
episodes of pain exacerbation, which most probably
represent incidences of new fractures.
Therapeutic options. The treatment of these patients,
except for medication for the osteoporosis and admin-
istration of analgesics, appears diﬃcult at ﬁrst glance.
The increasing experience with vertebroplasty has let us
to approach the osteoporotic spine as a whole. In one
session one can reinforce six levels and, if necessary, add
further levels in a second or even third session. In our
series of more than 500 treated patients, 30% had ﬁve or
more levels injected [29]. The eﬀect for those patients has
been an important decrease of pain, which enabled them
to stay/stand erect again. The mid-term follow-up over 4
years has shown, furthermore, a halt in the collapse of
the treated vertebrae and preserved disc height (Fig. 4).
Osteoporotic fractures with subsequent spinal stenosis
and neurological compromise
Cases of fractures with subsequent neural compromise
due to a deformity (thoracic kyphosis, Fig. 1d) or
instability (lumbar spinal stenosis, Fig. 7) are seen with
increasing frequency in the spine surgeon’s practice.
Displaced fragments may narrow the spinal canal, with
Fig. 2a,b MR images of the spine of a 60-year-old woman with a
compression fracture of T11 and ongoing pain for 3 months. The
image depicts persisting edema as expression of a still fresh/active
fracture pattern (a). Treatment was performed with PMMA
injection. Immediate and lasting pain relief was obtained after
reinforcement with PMMA (b); FU after 1.5 years. The patient is
under medical treatment with bisphosphonates but receives no pain
medication
Fig. 3a–c Patient with
persisting pain 6 months after a
T11 fracture. The pain is severe
during change from the supine
to the sitting position. The MR
image shows a nearly complete
collapse of T11 (b) but some
degree of spontaneous
correction of the kyphosis in
comparison with the standing
X-ray (a). The patient was
treated with a closed reduction
maneuver and cement
reinforcement. The X-ray 6
months after the procedure
shows a satisfactory alignment
of the spine, and the patient is
without pain (c)
S87
subsequent compression of the spinal cord or nerves.
Due to the height loss a foraminal narrowing may lead
to nerve root compression. More and more reports are
found in the literature about this issue [30, 31, 32, 33,
34].
The clinical presentation shows severe local mechani-
cal back pain together with a radiating pain that usually
subsides in the supine position. In some cases motor
weakness may occur. The X-ray ﬁndings show severe
deformity, and in an MR image or a myelogram spinal
canal encroachment is seen. Lumbar scoliosis may occur
due to a fracture and contribute, furthermore, to sagittal
dysbalance.
Therapeutic options. Decompression alone is not
suitable to address this kind of problem [34, 35]. Any
closed measures with cement reinforcement will not re-
lieve symptoms derived from spinal stenosis so long as
the collapsed segment cannot be restored (see below).
An open procedure, with decompression of the spinal
canal and internal ﬁxation and fusion, is usually re-
quired. However, the problem of anchoring the implants
in the osteoporotic bone, on the one hand, and the risk
of new fractures adjacent to the stabilized part of the
spine, on the other, needs to be addressed. Combined
internal ﬁxation with cemented screws, and the rein-
forcement of adjacent levels, can help to overcome the
troubles related to these osteoporotic spines and allow
the surgeon to apply the same technical principles as in
healthy bone (Fig. 5).
Surgical techniques
Vertebroplasty
Based on the underlying problem polymethylmethacry-
late (PMMA) cement is injected percutaneously into the
vertebral body(ies) to be treated. This is performed un-
der local anesthesia with an anesthesiologist stand by.
Under C-arm control a ﬁlling cannula is placed trans- or
parapedicularly in the center of the vertebral body.
PMMA cement with high radio-opacity and adequate
viscosity is injected under continuous control with the
image intensiﬁer. This surgical technique is very eﬃcient
and allows one to treat up to six vertebral bodies per
session, if required [20, 29, 36].
The problem of rectiﬁcation of lordosis/correction
of hyperkyphosis
Vertebroplasty in its proper sense does not allow the
rectiﬁcation of the kyphotic deformity (unless the posi-
tioning itself provides some correction Fig. 6); rather, it
‘‘freezes it’’. Thus, kyphoplasty was promoted in order
to restore the VB height and was designed to address the
kyphotic deformity and help to realign the spine [37, 38].
It involves the percutaneous placement of an inﬂatable
bone tamp into a vertebral body. Restoration of VB
height and kyphosis correction is achieved by inﬂation
of the bone tamp with liquid. After deﬂation a cavity
remains that eases the cement application.
Height restoration and decrease of cement leakage
are the main points that diﬀerentiate this technique from
vertebroplasty [39]. The potential of kyphosis reduction
gives, in fresh fractures, a range of 0%–90% for height
restoration and an absolute correction of the kyphotic
angle of 8.5 degrees [40, 41] (Fig. 7).
Fig. 4 X-rays of the spine of a 68-year-old woman under steroid
medication for years due to a heart transplantation. The patient
complained about severe pain episodes and chronic strain in her
whole back. She lost 7 cm of height during a 16-month period. The
X-rays show severe osteoporosis with multiple fractures of the
lumbar and thoracic spine. She was treated with PMMA injection
from T5 to L5 in three sessions of 45 min each. The collapse was
halted, and the patient experienced signiﬁcant relief from her back
pain and was able to have a much better posture afterwards
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An alternative method for the rectiﬁcation of lordosis
represents the so-called lordoplasty. The vertebral
bodies above and below the fracture are equipped with
ﬁlling cannulas and reinforced by a classical technique.
After the cement has cured the cannulas are used as a
lever, and the collapsed VB is reduced and maintained
in this position until cement is injected and has cured.
This appears advantageous when compared with the
kyphoplasty technique, where we observed a certain
loss of the initial reduction after the deﬂation of the
balloons that is a prerequisite before cement can be
applied [40] (Fig. 8).
Combined internal ﬁxation and reinforcement
When internal ﬁxation needs to be performed the rein-
forcement of vertebral bodies with PMMA enhances the
holding power of screws signiﬁcantly and can help to
overcome the otherwise insolvable problem to achieve
suﬃcient stability [42, 43, 44, 45, 46, 47, 48]. The surgical
technique follows the standards of pedicle screw inser-
tion. The VB is opened with a pedicle ﬁnder and care is
taken to achieve a convergent direction without anterior
Fig. 5 A 69-year-old woman presented with an unstable fracture of
T12. She complained about numbness in both legs when she tried
to stand up. In addition there is compression of the lower endplate
of L3. There is steroid-induced osteoporosis. The patient suﬀers
from a severe chronic lung disease. The surgical intervention was as
limited as possible, with internal ﬁxation of the fractured vertebra
and cementing of the adjacent VB
Fig. 6a–d Spontaneous rectiﬁcation of lordosis due to positioning
of the patient. The standing X-ray shows a marked kyphotic
deformity (a). After positioning, the VB appears nearly completely
restored. There is a well-visible cleft in the VB that represents the
defect (arrow). The ﬁlling pattern of the fractured VB shows the
cement distribution along this defect (b). The standing X-ray after
the procedure shows a maintained alignment. The adjacent VBs
were reinforced as a prophylactic measure (c)
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penetration of the VB. The VBs are then reinforced as
above by the injection of approximately 1.5 to 3 ml of
cement on each site. The pedicle screws are inserted
before the cement has cured. This is an eﬃcient salving
procedure for unsatisfactory stability of implants. Fur-
thermore, the technique allows one to keep the surgical
intervention limited, as there is no need to perform long-
distance ﬁxations. Percutaneous reinforcement by the
classical technique of vertebroplasty of adjacent vertebra
can prevent their collapse.
Our clinical experience with a combination of
internal ﬁxation and cement reinforcement includes 21
patients. The main indication represents patients with
severe kyphotic deformity due to complete collapse of
one or two VBs that undergo an anterior–posterior
procedure for spine realignment (Fig. 9). Another
important group are patients with spinal stenosis due
to an osteoporotic fracture. In these situations the
instrumentation is performed by a classical technique,
with reinforcement of the VB after decompression
has been accomplished. Adjacent vertebrae are rein-
forced as a prophylactic measure in a second step
(Figs. 5 and 9). When longer ﬁxations are performed
due to a deformity the key screws are reinforced; they
are the most distal and proximal ones and the apex
screws.
Fig. 7 The potential of height restoration with kyphoplasty: an 82-
year-old woman with symptomatic spinal stenosis due to a fracture
of L4. A kyphoplasty procedure was performed, because of her bad
general condition, under local anesthesia. The anterior height of L4
was restored, and, with this, the leg pain disappeared and the
patient regained her mobility. Three years after the procedure there
has been spontaneous fusion between L3 and L4
Fig. 8 A female patient with localized pain and a VBCF of T9 (a).
A follow-up control after 5 weeks depicts a nearly complete
collapse of the VB (b). A lordoplasty procedure was performed that
allowed signiﬁcant restoration of the collapsed VB (c). The Fu
X-ray shows a well-maintained alignment of the spine (d)
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Conclusion
The increasing number of older patients with spine
problems that need surgical treatment represents an
enormous challenge for the spine surgeon. The often-
compromised general health condition, on one side, and
the technical problems related to the osteoporotic bone,
on the other side, are a dilemma. The use of PMMA as a
means to reinforce bone seems the optimal solution for
the problems mentioned.
In painful fractures the injection of the single VB is an
excellent means to treat the pain and prevent further
collapse. In severe osteoporosis the reinforcement of
multiple vertebral bodies can be accomplished, and, if
required, the anchorage of implants can be improved
with cement, which allow us also to solve the more
complex spine problems with less invasiveness and less
morbidity for the patient.
Future perspectives. PMMA, as a material, works
because of its mechanical and handling properties. Im-
proved mechanical characteristics could help to solve the
problem of adjacent level fractures. In younger patients
more-bioactive materials, such as injectable CaP
cements, could extend the indication and change the
approach of the treatment of vertebral fractures.
Injection biomechanics will help to improve the sur-
gical technique and increase the safety of the procedure.
Pedicle screws adapted for direct cement application
can, furthermore, contribute, to facilitate the surgical
procedure and improve the surgical outcome.
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